• AIM: To evaluate the expression of uncoupling protein 2
INTRODUCTION
A ge-related macular degeneration (AMD) is the leading cause of blindness among people over 55y in western countries [1] . The number of patients with AMD continues to increase, and it is estimated approximately 198 million people currently suffered from the disease [2] . AMD is generally considered to be caused by various biochemical, immunogenic, and environmental factors [3] . A number of retinal pathologies, including AMD, are associated with mitochondrial dysfunction [4] , which induces increased levels of reactive oxygen species (ROS), mitochondrial DNA damage, and defective metabolic activity [5] . The most recent studies point to the key role of oxidative stress (OS) in the pathogenesis of AMD [6] [7] . Uncoupling protein 2 (UCP2), a member of the anion carrier family that localizes to the inner mitochondrial membrane, can decrease ROS production [8] , and is widely expressed in rodents and adult human tissues. UCP2 has protective effects on numerous cells, through its function in controlling the production of superoxide and other downstream ROS. We have shown that mitochondrial function declines in aged retinal pigment epithelium (RPE) cells and that OS aggravates this condition, supporting a potential role for mitochondrial dysfunction in RPE cell damage and AMD onset [9] [10] .
Therefore, we hypothesized that UCP2 may have a protective role in RPE cells during H 2 O 2 injury. The aims of our experiment were to investigate UCP2 expression in RPE cells exposed to OS in vitro and to explore how UCP2 is involved in the protection of these cells. Figure 3A) . No significant differences were detected between cells treated with different concentrations of H 2 O 2 (P>0.05; Figure 3B ).
MATERIALS AND METHODS Cell and Chemical Reagents

UCP2 Protein Expression in ARPE-19 Cells Treated with H 2 O 2
Western blotting showing that the expression of UCP2 was significantly decreased after treatment with 75, 150 and 300 µmol/L H 2 O 2 compared with untreated controls (P<0.05); however, there were no significant differences in UCP2 expression levels between the different treatment groups (P>0.05; Figure 4 ). Figure 5 ). The ROS levels of cells treated with UCP2-siRNA exhibited an additional increase compared with those treated with 300 µmol/L H 2 O 2 alone (P<0.05; Figure 6 ). Effect of UCP2-siRNA on Viability in H 2 O 2 -treated ARPE-19 Cells ARPE-19 cells treated with UCP2-siRNA exhibited reduced UCP2 expression compared with controls ( Figure 7 ). H 2 O 2 (75, 150, 300 µmol/L) was added to UCP2-siRNA treated cultures 24h after transfection for 2h. The control group was not treated with either UCP2-siRNA or H 2 O 2 . MTT assay showed that UCP2-siRNA-treated cell metabolic activity clearly decreased after treatment with H 2 O 2 . Cells treated with UCP2-siRNA exhibited a further decrease in viability, compared with those treated with H 2 O 2 alone. Cell viability was significantly reduced relative to controls (n=5, P<0.05; Figure 8 ).
Effect of UCP2-siRNA on ROS Levels in
DISCUSSION
The molecular mechanisms underlying AMD remain poorly understood. Multiple influences contribute to AMD, including biochemical, immunogenic, and environmental factors, as well as OS. OS is a major contributor to the pathologies associated with AMD. The degeneration of RPE cells in the sub retinal pigment epithelial space and choroid is an initial pathological characteristic of AMD and the leading cause of severe vision loss in older people. Moreover, OS is implicated as a major inducer of RPE cell death. Mitochondria are the main source of ROS production and excess ROS can induce mitochondrial damage and lead to disease [11] [12] . High ROS levels result in cell membrane damage via lipid peroxidation, which enhances oxidative injury, causing energy depletion and increasing ROS production. Uncoupling proteins (UCPs) localize to the mitochondrial inner membrane and belong to a superfamily of mitochondrial anion transporters that uncouple ATP synthesis from oxidative phosphorylation, by controlling the leakage of protons across the inner mitochondrial membrane [13] [14] . UCPs are important natural antioxidants involved in the maintenance of ROS homeostasis, alongside scavenging enzymes (e.g. superoxide dismutase and catalase) and low molecular weight antioxidants (e.g. ascorbic acid and glutathione) [15] . To date, five UCP subunits (UCP1-5) have been discovered in mammals, among which, UCP2 is widely distributed in various tissues and has been extensively studied [16] . UCP2 is an important mediator of oxidative damage. It is established that increased UCP2 expression can attenuate oxidant tissue damage [17] [18] . Available animal models fall short of accurately representing the characteristics of AMD, as they lack human genetic polymorphisms and long-term exposure to OS and environmental factors [19] ; however, some cell models have been described.
Culture of RPE cells with H 2 O 2 is an established model for the study of OS. Our previous research demonstrated that UCP2-deficient RPE cells had increased ROS levels and that increasing UCP2 expression using pigment epithelium-derived factor dampened ROS production in aging and deficient cells exposed to OS [20] . In the present study, we found that UCP2 mRNA levels were reduced in ARPE-19 cells under OS, relative to controls. UCP2 decreases ROS production by regulating ATP generation in mitochondria. In this study, UCP2 expression was decreased in ARPE-19 cells exposed to OS. Further, we analyzed the metabolic activity of cells treated with UCP2-siRNA and H 2 O 2 , demonstrating that it was further decreased in UCP2-siRNA-treated cells exposed to OS, compared with those treated with H 2 O 2 alone, according to increased ROS levels detected in UCP2-siRNA treated cells. These results clarify that UCP2 functions to partially protect ARPE-19 cells under OS. Our previous study also showed that UCP2 could reduce ROS generation; therefore, we speculated that reduced expression of UCP2 was associated with elevated ROS, resulting in decreased cellular anti-oxidation function. This finding is consistent with those of several previous studies, where over expression of UCP2 was reported to attenuate oxidant tissue damage [17] [18] ; however, we did not detect significant differences among cell groups treated with different concentrations of H 2 O 2 , implying that its function in regulating ATP generation or maintaining energy balance may not be the primary role of UCP2 in human RPE cells, where it may function to reduce ROS generation, promote apoptosis, or perform other roles. One interpretation of our results could be that excessive H 2 O 2 oxidative damage causes cells death, thereby decreasing total cell numbers. Overall, our results demonstrate that decreased of UCP2 expression may lead to cell death. The present study demonstrates that UCP2 gene expression is decreased in human ARPE-19 cells in response to H 2 O 2 -induced OS in vitro. ROS levels in these cells were further increased in UCP2-siRNA treated cells. Hence, the UCP2 gene may have a protective role in RPE cells under OS.
UCP2 expression in RPE cells
